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Abstract  
As the deterioration of drinking water quality has become increasingly severe worldwide, there is a considerable need 
to accurately identify variable pollution sources. Currently, simulation programs have been shown to be less effective 
in short-term and detailed simulations. Therefore, this study advanced an integrated framework for simulation by 
combining the modelling and monitoring methods. A case study was conducted to identify the spatial and temporal 
distribution of nitrogen (N) in the upstream watershed of a typical drinking water reservoir, in the city of Ningbo, 
Zhejiang province, China. In this study, a watershed model, Soil and Water Assessment Tool (SWAT), was used to 
estimate N load for the 254 km2 upper stream watershed; while storm runoff samples were also collected to 
illuminate more detailed processes in the storm event. Based on the model output, the critical N source in Baixi 
watershed was identified as the forest. The potential nonpoint source (NPS) pollution risk areas were also illustrated 
as Sub-basin 21, 20 and 26. In addition, the model simulation proved that the Qingshui River contributed more N 
load than the other two tributaries. Conversely, the short-term and detailed trends were obtained through storm 
sampling. By analyzing the storm samples, it was clear that the N load into the drinking water reservoir results from a 
combination of land-use, agricultural activities, as well as atmospheric deposition, especially in the acid rain control 
region. It could be further inferred that modelling and monitoring could serve as a framework to provide information 
for N load prediction and protection of drinking water. Using the integrated simulation-monitoring framework, the 
SWAT model could be used as an effective tool to foretell the potential risk of detrimental NPS conditions, while 
monitoring could provide an inventory and detailed means to further study short-term trends. 
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1. Introduction 
With continuous population and economic development, water scarcity and the deterioration of water 
quality have become increasingly severe in many river basins around the world, especially in drinking 
water sources [1,2]. As the quality of drinking water is threatened, the need for science-based protection 
and management decisions becomes urgent [3,4]. 
Sources of water contamination are widespread and include accidental spills, landfills, storage tanks, 
pipelines, and agricultural activities [5]. Of the sources, nonpoint source pollution (NPS) has been a major 
concern, particularly where intensive agricultural operations exist near environmentally sensitive waters. 
The growing number of NPS stresses on the drinking water has necessitated a more rapid conversion of 
basic studies into sound management practices. Many studies have focused on the fate and transport of 
NPS pollution located in the areas upstream of drinking water sources, which are often relatively poor and 
depend heavily on agriculture [6,7]. In previous studies, researches have been conducted experiments to 
solve problems as diverse as controlling eutrophication [8], protecting biota from the deleterious effects 
of land-use change [9], and preventing erosion-related disasters [6]. However, an important strategy for 
controlling NPS pollution is to minimize the pollutant load of in the critical source areas. Hence, there is 
considerable need to accurately identify these variable source areas. 
Therefore, in regional scale analysis, it is essential to understand both the load and interaction factors 
to account for the spatially variable pollution leaching to the drinking water. Many researchers have 
provided the knowledge and techniques to quantify NPS pollution. Since the development of the Stanford 
Watershed Model [10], there has been a proliferation of watershed models. Specifically, watershed 
models combine the continuous simulation of pollutants from transportation, transformation and output, 
to determine the time of occurrence and the critical source areas. Many such models have been 
successfully developed for this purpose, such as Agricultural Nonpoint Source Model (AGNPS) [11], Soil 
and Water Assessment Tool (SWAT) [12], Simulation for Water Resources in Rural Basins (SWRRB) 
[13,14], Agricultural Nonpoint Source Watershed Response Simulation (ANSWERS) [15,16], 
Hydrological Simulation Program Fortran (HSPF) [17,18] and Better Assessment Science Integrating 
Point and Non-point Sources (BASINS) [19]. Currently, such simulation programs are coupled with GIS 
and integrated with biological and ecological sub-models. Therefore, these models can simulate processes 
such as the generation of runoff to the entry of nutrients to various water bodies, as well as predict flow 
volume, sediment levels, and the amounts of nutrients leaving the sub-basins of a watershed. 
Among above models, AGNPS, SWAT and HPSF are most widely used tools worldwide, as well as a 
series of applications in China. Among these models, the AGNPS is a batch process, distributed 
parameter, continuous simulation model with a daily time scale [20, 21]. The model subdivides the 
watershed into suitably small cells of homogeneous land use, land management, and soil types. However, 
the studied areas of AGNPS are generally less than 200 km2 and the pollutant cycle equation has not yet 
been combined into this model [20]. The HSPF model consists of a set of modules that can be applied 
either individually or in tandem, which increases its practicality for both simple and complicated 
watershed simulation projects [17, 18]. The disadvantage of HSPF is reported to be the highly complex 
model structure and a multitude of parameters, which may result in the increasing input data and 
computing time. In addition, the HSPF model has been proved to be less effective in N and P simulation 
than SWAT [22, 23]. The SWAT model is a physically based, continuously distributed model that 
operates on a daily time scale, which has been applied in many countries, including Finland [24], 
Germany [25], U.S. [16], India [26], France [27], and China [28]. In the SWAT model, a modification of 
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the SCS curve number method [29] and Green & Ampt infiltration method [30] are used to compute 
surface runoff volume for each Hydrologic Research Unit (HRU). The peak runoff rate is estimated using 
a modification of the Rational Method and daily or sub-daily rainfall data are used for calculations. River 
flow in the SWAT model is routed through the channel using a variable storage coefficient method 
developed by Williams [14] or the Muskingum routing method. However, SWAT is reported to be less 
effective in storm event simulations. This lower accuracy of runoff simulation can be attributed to the 
storm hydrographs prediction module in SWAT that is based on the theory of infiltration excess overland 
flow [31]. This theory assumes that flow production occurs when precipitation intensity is greater than the 
soil’s infiltration capacity [32, 33]. Hortonian flow most commonly occurs during very high intensity rain 
storms and in areas where the ground’s infiltration capacity is particularly low, which may be attributed to 
the soil’s natural or modified structure, compaction processes, and/or surface sealing, especially where 
there is too little vegetation to protect the soil surface from raindrop impact [34, 35]. However, in humid, 
well-vegetated regions [36], the SWAT model is reported to be less effective [31, 37]. In general, NPS 
pollution from upstream in the watershed is not measurable due to the unknown spatial heterogeneity of  
the watershed as well as the high cost involved [38]. However, storm samples are often collected and 
analyzed by monitoring methods [39]. Thus, it could be inferred that modeling and monitoring NPS 
pollutants at multiple spatial and temporal scales could serve as an effective tool to protect soil and water 
resources. 
The Baixi watershed is situated upstream of the Baixi reservoir, which is the largest hydropower dam 
and the main drinking water source of the city of Ningbo, which is in Zhejiang province, China. Despite 
the protective measures for the drinking water reservoir that have been taken since 2006, the 
concentration of nitrogen (N) still exceeds the permitted environmental standards at times, especially after 
heavy storms. The important role of drinking water reservoirs ensures that NPS-N is worth paying 
attention to. However, this watershed is described as a humid climate with stormy weather, limiting the 
application of the SWAT model in such areas. Thus, to identify the spatial and temporal distribution of N 
accurately, an integrated simulation-monitoring framework was introduced in this study. 
The aim of this paper originated from the identification of the distribution of NPS-N in the upstream 
watershed for such a typical drinking water reservoir using an integrated simulation-monitoring 
framework. The framework combined: 1) A watershed mode that was used to estimate Total N (TN) for 
the 254 km2 upstream watershed; 2) Samples that were collected to illuminate more detailed processes of 
the event rain. The paper was organized as follows: a description of the study area, the watershed model, 
and the sampling method; the spatial and temporal distribution of NPS-N was analyzed in the part of both 
results and discussion; followed by the conclusions section. 
2. Study area and methodology 
2.1 Study area 
The Baixi reservoir is a major hydraulic facility in the city of Ningbo, in the east of the Zhejiang 
province, China (Fig. 1). The upstream watershed covers three main upstream rivers named as Dasong 
River, Hunshui River and Qingshui River, with a total upstream drain area of 254 km2. A humid north-
subtropical-monsoon climate covers this area, featuring distinct seasons with adequate illumination and 
abundant precipitation: an annual mean temperature of 16.1oC (from -9.6oC to 39.7oC) and an annual 
mean precipitation of 1091.2 mm. This region could be characterized as a mountainous area with 
agricultural vegetation, secondary forest and product forest. The main land uses in the watershed include 
7% cropland, 91% forest, and 2% barren land (Fig. 2). In addition, zonal yellow soil (33%) and skeleton 
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soil (35%) are the dominant soil of the watershed, followed by 12% red soil, 19% yellow red soil and 
0.2% paddy soil (Fig. 3). 
 
Fig. 1.A map of the Baixi reservoir basin, indicating the major tributaries and reservoir site. 
      
Fig.2 A map of land-use in the Baixi watershed. Fig.3 A map of the soil types in the Baixi watershed. 
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2.2 The SWAT model  
The SWAT model is a hydrologic/water quality tool developed by the United States Department of 
Agriculture-Agriculture Research Service (USDAARS) [12]. The SWAT model is also available within 
the BASINS as one of the models that the US EPA supports and recommends for state and federal 
agencies to use to address point and nonpoint source pollution control. The hydrological processes are 
divided into two phases: the land phase and the channel/floodplain phase. Precipitation data could be 
daily if curve number (CN) method [29] is used or sub-daily if Green-Ampt [30] infiltration method is 
used to estimate surface runoff [40]. The SCS curve number equation is: 
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where Qsurf is the accumulated runoff or rainfall excess (mm H2O); Rday is the rainfall depth for the day 
(mm H2O); Ia is the initial abstractions, which includes surface storage, interception, and infiltration prior 
to runoff (mm H2O); and S is the retention parameter (mm H2O). The retention parameter varies spatially 
due to changes in soil, land use, management, and slope and temporally due to changes in soil water 
content. The retention parameter is defined as: 
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where CN is the curve number for the day.  
The SWAT model uses the Modified Universal Soil Loss Equation (MUSLE) [14] to estimate 
sediment yield at the level of the Hydrological Response Unit (HRU). The loss of both N and P from the 
soil system of each HRU is accounted for by plant uptake, their transport via surface runoff, eroded 
sediment, lateral flow and percolation below the soil profile, and by volatilization to the atmosphere [40]. 
The MUSLE is defined as:  
CFRGusleusleusleuslehrupeaksurfsed FLPCKAqQQ 
0.56)11.8(
                                 (3) 
where Qsed is the sediment yield on a given day (metric tons); Qsurf is the surface runoff volume (mm 
H2O/ha); qpeak is the peak runoff rate (m3/s); Ahru is the area of the HRU (ha); Kusle is the USLE soil 
erodibility factor; Cusle is the Universal Soil Loss Equation (USLE) cover and management factor; Pusle is 
the USLE support practice factor; Lusle is the USLE topographic factor; and FCFEG is the coarse fragment 
factor. 
Flow, sediment and nutrient from all HRUs are added to the sub-watershed level and then routed 
through the channels, ponds, reservoirs, and wetlands to the watershed outlet. Flow is routed using either 
the variable-rate storage method [14] or the Muskingum method.  Sediment and nutrients are introduced 
into the main channel through surface runoff and lateral subsurface flow, and transported downstream 
with channel flow. Sediment transport is simulated, using modified Bagnold’s equation, as a function of 
peak channel velocity. Sediment is either deposited or re-entrained through channel erosion depending on 
the sediment load entering the channel. The QUAL2E model has been incorporated into SWAT to 
process in-stream nutrient dynamics. The detailed input information used in this study is shown in Table 1. 
Table 1 The data sources for the SWAT model. 
Data type Scale Sources 
DEM map 1：50000 National Aeronautics and Space Administration (NASA) 
Soil type map 1：1000000 Chinese Academy of Sciences  
Land use map 1：100000 Remote sensing image interpretation 
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Meteorological  National Meteorological Center 
Hydrological water  Baixi Reservoir Administration Bureau 
Crop management practices  Field research 
Socio-economic data  Yearbook of the regions 
2.3 The sampling method 
In this study, model prediction was used to provide the spatial distribution of NPS-N, while storm 
sampling offered an inventory method to determine the temporal trends during storm periods. In this 
study, storm and stream sampling was divided into two parts: 1) historical data was obtained from local 
government sources and analyzed to get the changes that have occurred from past activities and provide 
critical data for model validation; 2) storm water sampling provided glimpses into the detailed changes 
detected by a storm event. The historical trend was documented by analyzing the water quality report 
(from January 2005 to December 2008) provided by the local administration. The storm water samples 
were collected in April, 2010, after a major rainfall event in Baixi watershed. The sampling sites were set 
at Dasong River, Qingshui River, Hunshui River, as well as in the middle and in front of the reservoir. 
The runoff and TN was monitored both before and after the storm. Then water quality indexes were 
analyzed by state standard analyzing method: 1) pH: glass electrode method; 2) TN: alkaline potassium 
per sulfate oxidation-UV spectrophotometric method. The detailed sampling plan ss shown in Table 2. 
Table 2. The sampling plan used in this study, including locations and methods of detection. 
Time Types Location Index Method 
April Regular Sampling Dasong River 
Qingshui River 
Hunshui River 
In the middle of 
the Reservoir 
In the front of the 
Reservoir 
 
Runoff 
TN 
NH4+ 
Runoff: Float 
Method; 
TN:alkaline 
potassium 
persulfate 
oxidation-UV 
spectrophotometric 
method; 
pH: glass electrode 
method 
Event rain 
Sampling 
Dasong River 
Forest land 
In the front of the 
Reservoir 
 
Runoff 
TN 
PH 
3. Results and discussion 
3.1 The spatial distribution of TN 
3.1.1 Calibration and validation 
Many studies had shown that SWAT simulation in monthly steps provided generally better results than 
that in daily steps [41]. Thus in this work, stream flow was measured monthly, and TN was adopted for 
calibration and validation. Calibration of stream flow was performed from January 2005 to December 
1082  L. Chen et al. / Procedia Environmental Sciences 13 (2012) 1076 – 1090 L. Chen et al./ Procedia Environmental Sciences 8 (2011) 1103–1117 1109 
 
2006, and the period January 2007 to December 2008 was used for validation. Nash-Sutcliffe efficiency 
coefficient ENS was set to assess the degree of fit between the observed data and SWAT results. 
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Where, imea
Q , is the observed data, isimQ , is the simulated data, meaQ is the mean value of the observed 
data, and n is the simulation time. 
As shown in Fig. 3, for the runoff, the ENS during calibration period and validation period was 0.79 and 
0.84, respectively. The ENS of ammonia was 0.66. Compared to other SWAT applications [42], the value 
of ENS was judged to be quite acceptable. Thus, it could be concluded that the SWAT model was capable 
of modeling NPS-N in the Baixi Watershed.  
 
Fig. 4 Calibration and Validation results for stream flow. 
 
Fig. 5 Calibration and Validation results for TN. 
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3.1.2 Spatial distribution 
As shown in Fig. 5, the sediment was not uniformly distributed through the Baixi watershed, while the 
largest amount of TN was concentrated in upstream of Dasong River and the downstream of Hunshui and 
Qingshui River, the least amount of TN was in the upstream of Qingshui River. However, the TN showed 
a different distribution from the sediment because the TN existed in the form of a solute, which was not 
attached to sediment [43, 44], showing a negative relationship with soil erosion. 
  
Fig. 6 The spatial distribution of Sediment. Fig. 7 The spatial distribution of TN. 
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Further studies were conducted by defining and adding TN from different land uses as well as soil 
types. As shown in Table 3, forest land contributed 91.41% of organic N and 88.80% of nitrate N; while 
cropland made up 6.67% of organic N and 9.94% of nitrate N; and bare land exported 1.92% of organic N 
and 1.26% of nitrate N. It could be inferred that the major NPS-N was from forest areas. This could be 
explained by the fact that the NPS from the forest were the decomposed products of decayed biomass and 
more importantly the solids from soil erosion and to some extent, atmosphericly dry/wet deposits 
[45].When storms happened in this area, the rapid runoff carried the NPS-N to the nearby receiving water 
bodies. In the Baixi watershed, the forest consisted of secondary forest and product forest, which would 
result in the lack of representation in plant residue [40]. Hence, the poor capacity of forest for water 
conservation in this area might be attributed to soil compaction and poor ground coverage under the trees. 
As shown in Table 4, the skeleton soil and yellow soil accounted for 68.41% of the total basin, and the 
percentage of total pollution load originated was 70.13% of organic N, 31.52% of nitrate N, and 31.39% 
of organic P. The sequence of organic N per area ranked from high to low was: skeleton soil> yellow 
soil> red-yellow soil> red soil> paddy soil, compare to yellow soil > skeleton soil> red-yellow soil> red 
soil> paddy soil for nitrate N and organic P. The sequence of organic nitrogen per area ranked from high 
to low was: skeleton soil> yellow soil> red-yellow soil> red soil> paddy soil. This might be due to the 
application of N and P for planting crops, mainly in the upper 10 cm of soil, either remaining in soils or 
being exported to surface waters by erosion or leaching [7]. 
Table 3 The N and P production in different land use. 
Land use area（km2） Organic N（t) Nitrate（t) Organic P（t) 
Forest  229.81  494.77  4.15  21.48  
Paddy  16.76  55.38  0.37  2.76  
Bare land  4.84  7.02  0.05  0.01  
Total  251.40  557.17  4.57  24.25  
Table 4 The N and P production in different soil types. 
Soil type area（km2） Organic N（t) Nitrate（t) Organic P（t) 
skeleton soil 87.768 36.881 0.278 1.625 
red soil 30.694 2.753 0.016 0.077 
red-yellow soil 48.797 5.891 0.036 0.150 
yellow soil 83.608 39.746 0.547 2.291 
Paddy soil 0.626 0.015 0.001 0.006 
total 251.494 284.065 2.617 12.479 
Table 5 gives a specific description of the NPS-N distribution in each sub-basin and tributaries. It was 
clear that the Sub-basin 21 produced highest load per area (7.498 kg/ha), followed by Sub-basin 20 (6.984 
kg/ha) and Sub-basin 26 (7.42 kg/ha), while Sub-basin 6 contributed the least load (0.4334 kg/ha). 
However, the total load of Sub-basin 1 (7.65 t), Sub-basin 12 (7.87 t), Sub-basin 27 (7.26 t) were higher 
than other sub-basins due to larger areas. Table 5 also illustrated the total load from different tributary 
rivers. It is obvious that the Qingshui River contributed more NPS load than the other two tributary rivers. 
This might be due to the higher flow amount in the Qingshui River (stream flow from high to low was as 
follows: Qingshui River > Dasong River > Hunshui River). In addition, though the average TN load per 
area of Qingshui River was smaller than the other two rivers, there were more sub-basins along the 
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Qingshui River, resulting in a higher load from the entire Qingshui watershed. In sum, the model 
predictions provided potential risks of NPS occurrence and developed appropriate management measures 
under the spatial distribution of NPS pollution and foretell the effect of measures under different 
detrimental conditions. 
Table 5 TN load from the Sub-basin and tributaries 
River Sub-basin Area (km2) TN（kg/ha） TN (t) 
Dasong river 
1 16.7 4.578 7.65 
4 4.45 6.233 2.77 
5 3.33 4.733 1.58 
11 9.55 2.124 2.03 
12 11.51 6.834 7.87 
13 2.69 3.591 0.97 
27 13.55 5.355 7.26 
Qingshui river 
2 5.42 2.7 1.46 
3 14.75 2.432 3.59 
6 1.56 0.433 0.07 
7 12.59 1.93 2.43 
8 3.03 2.813 0.85 
9 3.91 2.228 0.87 
10 1.02 1.87 0.19 
14 3 3.137 0.94 
15 10.23 3.959 4.05 
16 9.61 4.259 4.09 
17 4.13 6.44 2.66 
20 13.91 6.984 9.71 
21 9.55 7.498 7.16 
Hunshui river 
26 2.65 7.42 1.97 
28 4.27 7.293 3.11 
29 5.1 6.348 3.24 
30 5.03 5.926 2.98 
35 6.31 5.312 3.35 
36 7.78 4.969 3.87 
37 3.75 5.256 1.97 
38 7.06 6.041 4.26 
39 4.99 4.054 2.02 
42 8.56 4.473 3.83 
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3.2 Sampling results 
Fig. 8 illustrates the long trend (from 2005 to 2008) of the water quality. It was clear that N stayed 
stable in the recent years. However, there has been further development of local forest planting in the 
Baixi watershed and more strict rural management since 2006. Thus, it could be inferred that the upper 
stream watershed management showed little effect on TN. In addition, it could be observed that the N 
concentration increased significantly in the rainy season, indicating that heavy storms might be a major 
source of NPS-N into the drinking water reservoir. The N exceeded the permitted environment standard at 
times of stormy weather, which might be due to both atmospheric deposition and storm runoff. 
 
Fig. 8 The monthly nitrogen and phosphorus (2005.1- 2008.12). 
To further illustrate the trend in storm events, the runoff and rain samples of a major storm (April 10th, 
2010) was collected and analyzed. In this study, the sampling sites were set at the inlet of tributaries, such 
as Dasong River, Qingshui River, and Hunshui River, as well as in front and in the middle of the reservoir. 
In addition, the runoff and rain samples were collected from the corresponding hilly forest land, which 
were selected by orienting to the critical areas identified by the SWAT model.  
As seen in Fig. 9, the blue line demonstrated the N concentration sampled before the storm. The 
diverse trend was illustrated between the storm event sampling and the SWAT simulation. It was clear 
that although the upper stream watershed of Dasong and Hunshui River produced more TN per area, there 
was no big difference between the various tributaries. This might be due to the dilution and degradation in 
the process of river transferring. However, the N concentration was slightly higher in the front of the dam, 
mainly due to more soil erosion and TN directly leaching from the nearby sub-basin, which agreed well 
with the SWAT output (Fig. 6 and Fig. 7). In addition, the TN in the middle of the reservoir was lower 
than that in front of the dam. This could be explained by that Baixi reservoir was a typical kind of river-
type reservoir, therefore, the N showed a degree of degradation over the process of migration.  
Samples from storm events were described by the black line in Fig. 9. It could be observed that water 
quality deteriorated immediately during the storm. These could be explained by storm transporting more 
N via the catchment, such as the forest land, leading to the eventual entry of N into stream channels. By 
compareing the blue line and red line, it was obvious that the enhanced N from forest land was carried 
and flushed by storm runoff into the tributaries. This might be due to the fact that forest produced more 
decomposed products of decay biomass and the solids from soil erosion and to some extent, atmospheric 
dry/wet deposit [46-48]. Thus, forest land might be a critical source of NPS-N in the Baixi watershed. 
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The biggest change of N concentration happened in Hunshui River, which could be explained by Table 5 
that Hunshui watershed contributed the most amount of N per area. Conversely, the N concentration was 
much higher there than in front of the dam, indicating the atmospheric N deposition direct into the surface 
of the Baixi reservoir might be an important cause of the drinking water deterioration. It could be further 
interpreted by analyzing the value of pH and N concentration of the rain sample. Based on the rain sample 
in April 10th, the pH value was 5.43, showing the obvious characteristic of acid-rain (acid rain was 
defined as precipitation which has a pH was less than 5.6). Furthermore, the background concentration of 
TN in the rain sample was as high as 1.10 mg/L, indicating that acidic N deposition should be considered 
as a major N input in the Baixi watershed. According to studies by Chen [38], this watershed is in the 
major region for acid rain deposition in China. Thus, it was clear that the NPS-N load into the drinking 
water reservoir, especially in the acid rain control region, results from a combination of land-use, 
agricultural activities, as well as atmospheric deposition. 
 
Fig. 9 The TN determined from storm sampling at indicated locations during 2010. 
Based on this study, the modeling and monitoring method could serve as a framework to predict the 
TN load and protect the source of drinking water by providing information to assess the trends and event 
status. As the key processes, SWAT model prediction provides glimpses into the spatial distribution of 
NPS, providing insight into the causes of NPS pollution and the long-term trend. The model output could 
also provide a reference for the selection of monitoring sites. Conversely, historical monitoring data 
documented the change that had occurred from past activities and provided critical data for model 
validation, while storm monitoring offered the inventory temporal trend during storm rains. By storm 
sampling, a more precise description of NPS-N sources could be obtained. Thus, both the monitoring and 
modeling methods proved to be valuable and when carefully coordinated could enhance and supplement 
one another. It could be inferred that the SWAT model could be used as an effective tool to foretell the 
potential risk of detrimental NPS conditions as well as determining spatial and temporal distribution of 
NPS pollution. While monitoring could provide an inventory and detailed mean to further study short-
term and critical-site trend. 
3. Conclusion 
In this study, an integrated simulation-monitoring framework was advanced to identify the spatial and 
temporal distribution of NPS-N in the upstream watershed of a typical drinking water reservoir, in the city 
of Ningbo, Zhejiang Province, China. Based on the model simulation, the major TN distribution was 
identified as the forest and Sub-basin 21, Sub-basin 20 and Sub-basin 26 were implicated as the critical 
risk areas. In addition, the SWAT simulation proved that Qingshui River contributed more TN load than 
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the other two tributaries. Conversely, a more detailed trend was obtained by storm sampling. By 
analyzing the storm samples, it was clear that the NPS-N load into the drinking water reservoir, especially 
in the acid rain control region, results from a combination of land-use, agricultural activities, as well as 
atmospheric deposition. It could be further inferred that modeling and monitoring NPS at multiple 
temporal scales served as a tool to protect soil and water resources by providing information to assess 
trends and the status of NPS both long-term and short-term trends. This framework would be helpful to 
take sound actions for water quality management in such regions. 
Acknowledgements 
The study was supported by National Science Foundation for Distinguished Young Scholars (No. 
51025933), Program for Changjiang Scholars and Innovative Research Team in University (No.IRT0809) 
and the National Natural Science Foundation of China (Grant No. 41001352). 
References 
[1] USEPA (U.S. Environmental Protection Agency). Solving environmental problems through partnership: A case study—New 
York City Watershed Partnership; 2006.  
[2] Jiang Y, Jin LS, Lin T. Higher water tariffs for less river pollution-Evidence from the Min River and Fuzhou City in China. 
China Eco. Review. 2011; 22: 183-95. 
[3] Meng X, In T, Lin T. Swanson (Eds.), Economic growth and environmental regulation: The PRC's path to a brighter future; 
2009. 
[4] World Bank. Addressing China's water scarcity: Recommendations for selected water resource management issues. 
Washington DC; 2009. 
[5] Bedient PB, Rifai HS, Newell CJ. Ground Water Contamination: Transport and Remediation. Prentice-Hall. New Jersey; 
1994. 
 [6] Hallberg GR, Keeney DR. Nitrate In: Regional Ground-Water Quality, William M. Alley (Editor). U.S. Geological Survey, 
Van Nostrand Reinhold, New York; 1993. p. 297–321. 
[7] Shen ZY, Hong Q, Yu H. Parameter uncertainty analysis of non-point source pollution from different land use types. Sci. 
Total Environ. 2010; 408: 1971–8. 
[8] Li ZA, Zou B, Xia HP, Ren H, Mo JM, Weng H. Litterfall dynamics of an evergreen broadleaf forest and a pine forest in the 
subtropical region of China. Forest Sci. 2005; 51: 608–15. 
[9] Crawford NH, Linsley RS. Digital simulation in hydrology: The Stanford Watershed Model IV. Technical ReportNo. 39, 
Department Of Civil Engineering, Stanford University, PaloAlto, California. 1966. 
[10] Young RA, Onstad CA, Bosch DD, Anderson WP. AGNPS: a nonpoint-source pollution model for evaluating agricultural 
watersheds. J. Soil Water Conserv 1989; 44: 168–73. 
[11] Arnold JG, Allen PM, Bernhardt G. A comprehensive surface-groundwater flow model. J. Hydrol. 1993; 142: 47-69. 
[12] Esen E, Uslu O. Assessment of the effects of agricultural practices on non-point source pollution for a coastal watershed: A 
case study Nif Watershed, Turkey. Ocean Coast Manage. 2008; 51: 601–11. 
[13] Williams JR. Flood routing with variable travel time or variable storage coefficients. Trans of ASABE. 1969; 12:100–3. 
 [15] Beasley DB, Huggins LF,  Monke EJ. ANSWERS: a model for watershed planning. Trans of ASABE.1978; 23: 938–44. 
 [16] Singh R, Tiwari KN, Mal BC. Hydrological studies for small watershed in India using the ANSWERS model. J. Hydrol. 
2006; 318: 184–99. 
[17] Bicknell BR, Imhoff JC, Jobes TH, Kittle JLJ, Donigian ASJ. Hydrological Simulation Program – Fortran (HSPF Version 
12): user's manual. U.S. Environmental Protection Agency, Washington, D.C. 2001.  
1089L. Chen et al. / Procedia Environmental Sciences 13 (2012) 1076 – 10901116 L.Chen et al./ Procedia Environmental Sciences 8(2011) 1103–1117 
 
[18] Ribarova I, Ninov P, Cooper D. Modeling nutrient pollution during a first flood event using HSPF software: Iskar River 
case study, Bulgaria. Eco. Model. 2008; 211: 241–6. 
[19] Whittemore R.C. The BASINS model. Water Environ.Tech. 1998; 10, 57–61. 
[20] Cho J, Park S, Im S. Evaluation of Agricultural Nonpoint Source (AGNPS) model for small watersheds in Korea applying 
irregular cell delineation. Agr. Water Manage. 2008; 95: 400–8. 
[21] Liu J, Zhang L, Zhang Y. Validation of an agricultural non-point source (AGNPS) pollution model for a catchment in the 
Jiulong River watershed, China. J. Environ. Sci. 2008; 20: 599–606. 
[22] Im S, Brannan K, Mostaghimi S. A comparison of SWAT and HSPF models for simulating hydrologic and water quality 
responses from an urbanizing watershed. J. Am. Water Resour. As. 2003; 41:343–60. 
[23] Saleh A, Du B. Evaluation of SWAT and HSPF within BASINS program for the upper North Bosque River watershed in 
central Texas. Trans of ASABE. 2004; 47: 1039–49. 
[24] Francos A, Elorza FJ, Bouraou F, Bidoglio G, Galbiat L. Sensitivity analysis of distributed environmental simulation 
models: Understanding the model behaviour in hydrological studies at the catchment scale. Reliab. Eng. Sys. Safe. 2003; 79:205–18. 
[25] Weber A, Fohrer N, Möller D. Long-term land use changes in a mesoscale watershed due to socio-economic factors—
effects on landscape structures and functions. Ecol. Model 2001; 140: 125–40. 
[26] Behera S, Panda RK. valuation of management alternatives for an agricultural watershed in a sub-humid subtropical region 
using a physical process based model. Agric Ecosyst. Environ. 2006; 113: 62–72. 
[27] Plus M, Jeunesse IL, Bouraoui F, Zaldívar JM, Chapelle A, Lazure P. Modelling water discharges and nitrogen inputs into a 
Mediterranean lagoon impact on the primary production. Ecol. Model 2006; 193: 69–89. 
[28] Yang J, Reichert P, Abbaspour KC, Yang H. Hydrological modelling of the Chaohe Basin in China: Statistical model 
formulation and Bayesian inference. J. Hydrol. 2007; 340: 167–82. 
[29] USDA-SCS. Hydrology Sect. 4, Soil Conservation Service National Engineering Handbook. U.S. Department of 
Agriculture, Soil Conservation Service, Washington, DC. 1972. 
[30] Green WH, Ampt GA. Studies on soil physics: 1. The flow of air and water through soils. Indian J agr. Sci. 1911; 4:11–24. 
 [31] Rossing JM, Walter MF. Hydrologically-based identification of critical areas for water quality protection in the New York 
City watershed. ASAE Paper No. 952580, Presented at ASAE Annual International Meeting, Chicago, IL. 10 pp. 1995.  
[32] Horton RE. The role of infiltration in the hydrologic cycle. Trans. Am. Geophys. Union 1933; 14: 446–60. 
[33] Horton RE. An approach toward a physical interpretation of infiltration capacity. Proc. Soil Sci. Soc. Am. 1940; 4: 399–417. 
[34] Hursh CR. Report of the subcommittee on subsurface flow. Trans. Am. Geophys. Union 1944; 25: 743–6. 
[35] Dunne T, Black RD. Partial area contributions to storm runoff in a small New England watershed. Water Resours. Res. 
1970; 6:1296–311. 
[36] Dunne T, Moore TR, Taylor CH. Recognition and prediction of runoff-producing zones in humid regions. Hydrol. Sci. 
Bulletin 1975; 20, 305–27. 
 [37] Walter MT, Mehta VK, Marrone AM, Boll J, Ge´rard-Merchant P, Steenhuis TS, Walter MF. A simple estimation of the 
prevalence of Hortonian flow in New York City’s watersheds. J Hydraul Eng-ASCE 2003; 8: 214–8. 
 [38] Chen NW, Hong HS, Zhang LP. Wet Deposition of Atmospheric Nitrogen in Jiulong RjVer Watershed. Huanjing kexue (in 
Chinese) 2008; 29: 38–48. 
[39] Nandakumar N, Mein RG. Uncertainty in rainfall-runoff model simulations and the implications for predicting the 
hydrologic effects of land-use change. J. Hydrol. 1997; 192: 211–32. 
[40] Lesschen JP, Stoorvogel JJ, Smaling EMA, Heuvelink GBM, Veldkamp A. A spatially explicit methodology to quantify 
soil nutrient balances and their uncertainties at the national level. Nutr. Cycl. Agroecosys 2007; 78:111–31. 
[41] Saleh A, Du B. Evaluation of SWAT and HSPF within BASINS program for the upper North Bosque River watershed in 
central Texas. Tans of ASAE. 2004; 47: 1039–49. 
[42] Gassman P, Reyes M, Green C, Arnold, J. The Soil and Water Assessment Tool: Historical development, applications, and 
future research directions. Trans of ASABE  2007; 50; 1211–50. 
 [43] Daniel TC, Sharpley AN, Lemunyon JL. Agricultural phosphorus and eutrophication: a symposium overview. J. Environ. 
Qual. 1998; 27: 251–7. 
1090  L. Chen et al. / Procedia Environmental Sciences 13 (2012) 1076 – 1090 L. Chen et al./ Procedia Environmental Sciences 8 (2011) 1103–1117 1117 
 
[44] Shen ZY, Hong Q, Yu H. Parameter uncertainty analysis of the non-point source pollution in the Daning River watershed of 
the Three Gorges Reservoir Region, China. Sci. Total Environ. 2008; 405:195–205. 
[45] Chang CH, Wen CG, Huang CH, Chang SP, Lee CS. Nonpoint source pollution loading from an undistributed tropic forest 
area. Environ. Monit. Assess. 2008; 146: 113–26. 
[46] Grace JM. Forest operations and water quality in the South. Trans of ASABE  2005; 48: 871–80. 
[47] Li ZA, Zou B, Xia HP, Ren H, Mo JM, Weng H. Litterfall dynamics of an evergreen broadleaf forest and a pine forest in 
the subtropical region of China. Forest Sci. 2005;51: 608–15. 
[48] Stuart GW, Edwards PJ. Concepts about forests and water. North J. Applied Forest. 2006; 23: 11–9. 
